Introduction {#Sec1}
============

Urinary tract infections (UTI) are one of the most common healthcare-associated infections, accounting for more than 12% of infections reported by acute care hospitals \[[@CR1]\] and 20% of infections reported by long-term care (LTC) facilities \[[@CR2]\].

Problem description {#Sec2}
-------------------

Urine cultures are frequently ordered as a part of a generalized workup for non-specific symptoms (e.g. fevers without traditional UTI symptoms such as dysuria and frequency) \[[@CR3]\]. This often results in false-positive urine culture results \[[@CR4]\]. Clinically, this is known as asymptomatic bacteriuria (ASB). False-positive urine cultures are associated with unnecessary antibiotic treatment of ASB and elevated catheter-associated UTI (CAUTI) rates \[[@CR5]\].

Available knowledge {#Sec3}
-------------------

Reflex urine reflex culturing, defined as only performing a urine culture if the preceding UA showed pyuria \[[@CR6]--[@CR9]\]. may improve unnecessary use of antibiotics for false-positive urine cultures.

Rationale {#Sec4}
---------

Urine reflex culturing has been shown to decrease the rate of urine cultures performed in adult intensive care units but the benefit in other settings is unknown \[[@CR9], [@CR10]\].

Specific aims {#Sec5}
-------------

We evaluated the impact of implementation of urine reflex culturing across a healthcare system including patient care in acute care, the emergency department (ED), and (LTC) facilities.

Methods {#Sec6}
=======

Context {#Sec7}
-------

This was a quasi-experimental study at an integrated healthcare system. The VA Maryland Health Care System (VAMHCS) is comprised of three medical centers operating approximately 727 inpatient beds (acute care and LTC) as well as an emergency department with 22 beds and six outpatient clinics throughout Maryland. The study received ethics review and approval from the University of Maryland Baltimore Institutional Review Board.

An internet-based, data mining surveillance tool (TheraDoc,DSS inc.) was used to identify all urine cultures ordered from August 2016 to August 2018 based on collection location. Acute care included five inpatient units (three intensive care units, one medical unit, and one surgical unit). The ED included all emergency room visits. LTC included all eight LTC units in two facilities (including rehabilitation patients and hospice patients). Patients with urine testing in the ED would not be included in the analysis of acute-care unless they had a separate urine test done as an inpatient. Multiple admissions per patient were included in analysis.

Intervention {#Sec8}
------------

Urine reflex culturing criterion was a urinalysis with \> 10 white blood cells per high power field (WBC/hpf). This was instituted throughout the system in August 2017.

Study of the interventions {#Sec9}
--------------------------

Each urine culture result was categorized as negative, positive \< 100,000 colony forming units per milliliter (CFU/ml), or positive ≥100,000 CFU/ml. No urine cultures were excluded.

CAUTIs for acute care and LTC were reviewed from August 2015 to August 2018 using Centers for Disease Control and Prevention's National Healthcare Safety Network (NHSN) criteria. For acute care, \[[@CR1]\] the criteria was a positive urine culture with no more than two species of organisms with at least one being a bacterium of ≥100,000 CFU/ml obtained with an indwelling catheter in place for at least two calendar days (or removed within two calendar days of indwelling catheter removal) and at least one documented sign or symptom (fever \> 38.0 °C; suprapubic tenderness; costovertebral angle pain or tenderness; urinary urgency; urinary frequency; or dysuria).

For LTC, \[[@CR2]\] the criteria was a positive urine culture with no more than two species of organisms with at least one being a bacterium of ≥100,000 CFU/ml obtained with an indwelling catheter in place for at least two calendar days (or removed within two calendar days of indwelling catheter removal) and at least one documented sign or symptom (fever \> 37.8 °C; rigors; new onset of hypotension; new onset of confusion/functional decline and leukocytosis; new or marked increase in suprapubic tenderness; new or marked increase in costovertebral angle pain or tenderness; acute pain, swelling, or tenderness of the testes, epididymis, or prostate; purulent discharge from around catheter insertion site).

Measures {#Sec10}
--------

Rate of urine culture.

Analysis {#Sec11}
--------

Comparisons pre- and post-intervention were made using time series regression analysis. Negative binomial regression was used to assess immediate changes and trends in the number of urine cultures performed. A *p*-value of \< 0.05 was considered statistically significant. All analysis was competed using SAS v 9.4 (SAS Institute, Cary, NC).

Ethical considerations {#Sec12}
----------------------

This description of a patient safety initiative was considered non-human subjects research.

Results {#Sec13}
=======

Acute care {#Sec14}
----------

In the pre-intervention period, 908 urine cultures were ordered, and 894 urine cultures were performed, a rate of 3.58 cultures per 100 days. In the post-intervention period, 965 urine cultures were ordered, and 507 urine cultures were performed, a rate of 1.82 cultures performed per 100 days. With the institution of urine reflex culturing, there was an regression analysis adjusted immediate 39% decrease in the rate of cultures performed (*p* \< 0.0001) with a monthly decrease of 6% through the post-intervention period (*p* = 0.0003). Urine reflex culturing cancelled 45% of urine cultures ordered in the post-intervention period, with 458 cultures cancelled (See Fig. [1](#Fig1){ref-type="fig"}). Applying urine reflex culturing during the pre-implementation period would have resulted in 29% fewer reported CAUTIs. Fig. 1Acute Care Urine Cultures Ordered vs. Urine Cultures Performed per 100 Days

Emergency department (ED) {#Sec15}
-------------------------

In the pre-intervention period, 1400 urine cultures were ordered, and 1393 urine cultures were performed, a rate of 5.44 cultures performed per 100 ED visits. In the post-intervention period, 1959 urine cultures were ordered, and 917 urine cultures were performed (1042 cancelled), a rate of 3.34 cultures performed per 100 ED visits. With the institution of urine reflex culturing, there was an regression analysis adjusted immediate 38% decrease in the rate of cultures performed (*p* = 0.0015) with similar monthly rates of 0.12% through the post-intervention period (*p* = 0.9541). Urine reflex culturing cancelled 51% of urine cultured ordered in the post-intervention period (see Fig. [2](#Fig2){ref-type="fig"}). Fig. 2Emergency Department Urine Cultures Ordered vs. Urine Cultures Performed per 100 ED Visits

Long-term care (LTC) {#Sec16}
--------------------

In the pre-intervention period, 267 urine cultures were ordered, and 257 urine cultures were performed, a rate of 0.41 cultures performed per 100 days. In the post-intervention period, 432 urine cultures were ordered, and 354 urine cultures were performed, a rate of 0.52 cultures performed per 100 days. With the institution of urine reflex culturing, there was a regression analysis adjusted immediate 89% increase in cultures performed (*p* \< 0.0001) and the monthly trend through the post-intervention period stayed the same as in pre-intervention period (*p* = 0.83). However, urine reflex culturing cancelled 16% of urine cultures ordered in the post-intervention period (see Fig. [3](#Fig3){ref-type="fig"}). Fig. 3Long-Term Care Urine Cultures Ordered vs. Urine Cultures Performed per 100 days

Catheter-associated urinary tract infections (CAUTI) {#Sec17}
----------------------------------------------------

In acute care, from August 2015 to July 2017, there were 14 CAUTI with a rate of 1.82 infections per 1000 catheter days. Urine reflex culturing would have canceled the triggering urine cultures for 4 (29%) of those CAUTI, decreasing the rate to 1.30 infections per 1000 catheter days. In the post-intervention period, there were 6 CAUTI with a rate of 1.64 infections per 1000 catheter days.

In LTC, from August 2015 to July 2017, there were 13 CAUTI with a rate of 0.99 infections per 1000 catheter days. Urine reflex culturing would have canceled the triggering urine cultures for 1 (8%) of those CAUTI, decreasing the rate to 0.91 infections per 1000 catheter days. In the post-intervention period there were 6 CAUTI with a rate of 1.60 infections per 1000 catheter days.

Discussion {#Sec18}
==========

Summary {#Sec19}
-------

Urine reflex culturing decreased the rate of urine cultures. Urine reflex culturing caused the greatest decrease on urine culturing in acute care and the emergency department but was associated with a small absolute *increase* in urine cultures long-term care. Although rates of CAUTI did not change with reflex culturing, almost 1/3 of CAUTIs occurred in patients without pyuria in the pre-period in acute care and were likely mis-diagnosed.

Interpretation {#Sec20}
--------------

Many urine cultures were cancelled due to reflex testing in acute care and ED with many fewer cancelled in LTC. This is likely due to the differences in patient populations with more chronic pyuria among LTC patients. A higher urine reflex culturing cutoff for pyuria (e.g. \> 25 WBC/hpf or \> 50 WBC/hpf) may have resulted in better performance among this population but this is unknown. The cutoff of \> 10 WBC/hpf was chosen as it is the most common definition of pyuria, but it is unclear if it is the most effective cutoff for optimal urine culturing.

Urine reflex culturing was well accepted by the Microbiology Laboratory where it resulted in cost savings due to the decreased number of urine cultures performed. Additionally, the intervention was accepted by clinicians who interpreted cancelation of urine cultures due to lack of pyuria as negative results. This likely relates to the extensive education to the clinicians about the intervention before it was implemented.

Limitations {#Sec21}
-----------

While urine reflex culturing reduced urine cultures performed, it mostly reduced cultures that would have been negative. It also only partially addressed bacteriuria and ASB, as pyuria was often present in patients with ASB. The potential downstream clinical consequences of urine reflex testing, in particular, antibiotic therapy, have not been fully elucidated. It is notable that using reflex culturing during the pre-period would have resulted in reporting 29% fewer CAUTIs in acute care. Patients could be included more than once if they had multiple admissions. We did not evaluate patient characteristics before and after intervention, although there were no broad changes to the services provided at our facilities. The appropriate use of urine cultures still requires careful clinical judgment to avoid ordering when patients are asymptomatic and interpreted carefully to avoid unnecessary antibiotics.

Conclusion {#Sec22}
==========

We found that urine reflex culturing was safe and easy to implement in acute care, ED care, and LTC and led to a nearly 40% decrease in cultures in the hospital. This intervention likely decreased the number of patients treated for ASB, and misidentification of CAUTIs, while reducing microbiology costs.
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